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Abstract 
Taiwan stands out globally in the manufacture of scooters. If fuel cell technology could be applied 
to the scooter, Taiwan could gain an advantage in the trend for commercial applications for fct. In 2011, 
The Bureau of Standards, Metrology and Inspection proposed this project “the Demonstration of 
Hydrogen Fuel Cell Scooters.” Thirty rental fuel cell scooters are to run a long distance. Evaluation 
during everyday use of the cells performance will be made and reported by the riders. All the evaluations 
will be put into consideration of future adjustments. 
The project is to map out a practice route in Taipei and set up a control center to follow progress. 
The data gathered from the practice project will help examine the performance of fuel cell scooters, 
contributing to the creation of legal drafts and future standards. The Taiwan fuel cell industry chain is 
complete, and the industry possesses the ability to produce key components. Thus it is a potential market 
in Taiwan. A review of fuel cell development conditions in Taiwan shows that the fuel cell scooters is a 
niche industry owing to the strength of this technology. 
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1. Introduction 
In light of the serious air pollution caused by traditional gasoline-powered scooters in urban areas, 
roughly 7 million people in Taiwan choose to utilize alternative modes of transportation every day. The 
development of electric scooters can provide a means of short-range transportation that is both 
environmentally friendly and energy conserving. The world’s demand for clean energy technology is 
continuing to grow, and it is clear that energy conservation, carbon reduction, and hydrogen fuel cells are 
the best alternative energy options for the 21st century. However, fuel cell electric scooters are the most 
competitive product in Taiwan using fuel cells. When comparing the performance and energy efficiency 
of gasoline-powered scooters to various battery electric scooters and advanced fuel cell electric scooters, 
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the comparative advantages of fuel cell electric scooters in terms of energy conservation and carbon 
reduction are readily apparent. Fuel cells have the potential for becoming a power source for new electric 
scooters and offer greater flexibility and space to maneuver for the electric scooter industry. 
Applying the “Hydrogen Scooter Testing and Verification Program” on actual cars and actually 
measuring the performance data of the fuel cells and scooters, after collection and analysis, the research 
and suggestions of building related detection technology standards are lead-in. Because hydrogen fuel 
cells are an emerging industry, the product technology standards and safety regulations still need to be 
established, but the International Standards Organization still does not have announcements regarding the 
technology standards for fuel cell scooters. Therefore, this project will be the first internationally to 
collect and analyze the technical information of hydrogen scooters. 
2. Fuel Cell Scooter Run Planning 
The main purpose of this project is to collect and analyze the original data of actual car runs and 
confirm the relevant technical specifications, to provide as a reference when developing national 
standards. Each scooter must go through necessary testing and inspections from start to finish for each 
run; in addition, scooter performance information, battery durability and performance degradation 
records, objective evaluations by riders, and improvement recommendations, etc. are regularly focused on 
as a reference for revising technical standard drafts. In order to strengthen run and management effects, 
this project also established a driving monitoring center to collect and monitor driving data, the work 
completed is as below:  
2-1 Run planning: road tests are to verify scooter performance. While taking in consideration road traffic 
safety, the road conditions selected are sections with topographic slope changes, and sections where the 
run process can be observed easily by people to achieve education and promotion purposes.  
2-2 Vehicle preparedness: a total of 30 fuel cell scooters (27 of them in the Taipei area, and 3 in 
Changhua County) will be run, the low-pressure hydrogen storage tanks will provide hydrogen fuel, and 
performance information of the scooter runs will be collected. 
2-3 Mileage: Each scooter travelled at least 3,000 kilometers during the execution period, or the 30 
scooters will total at least 90,000 km of driving data. In addition, among the 27 scooters in the Taipei 
area, 9 also travelled through coastal areas; each scooter also travelled 3,000 km, a total of 27,000 km. 
The total mileage of the full journey had to amount to at least 117,000 km. 
2-4 Driving routes: Considering the capacity and endurance of hydrogen storage tanks in the greater 
Taipei area, four routes with different lengths and characteristics were planned (see Table 1). In 
addition, to test lower temperatures and assess salt damage, 2 north coast routes were added, for a total 
of 6 routes.  
2-5 Route combinations: Arranging and combining the above 6 different routes, according to different 
arrangements, each day will have different mileages, but each week, each scooter will on average run 
for over 300 km, so that all the mileage verification will be completed in 10 weeks.  
2-6 Real Scooter Run Data Statistical Analysis and Records:Research design was carried on the various 
tables required for data analysis to allow effective data analysis operations. For riders participating for 
the first time, they were taught how to fill out the questionnaires. At the same time, driving recorders 
were installed on each scooter, and a clear understanding of the routes travelled and their conditions can 
be gained through the monitoring systems. This includes failure factor analysis, which can be 
determined through the returned fuel cell and hydrogen use data, to offer troubleshooting guidance.   
2-7 Low Temperature and Salt Damage Test:There are still no international reports available on the 
impact of salt damage on fuel cells; therefore, this project performed a systematic experiment on low 
temperature and salt damage, the first done in the world. Therefore, the north coast route in the Taipei 
area is designated as the routes in Figure 1 and Figure 2, and each route is around 35-37 km. The 
description of the low temperature and salt damage test routes in coastal areas are as below: 
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Table 1. Route Planning (Taipei Experimental Area) 
Name Mileage(Km) Map 
Important Landmarks or 
Return Points 
1 Red 
Line
20.0 NTUST, Keelung Road, 
Taipei 101, Sun Yat-sen 
Memorial Hall, Jen Ai Road, 
Xinsheng South Road, 
Roosevelt Road, Jingmei 
Mingyuan Bridge, NTUST 
2 Green 
Line
27.0 A NTUST -> B Dunhua 
South Road (police station) -
> C Songshan Airport -> D 
Hsing Tien Temple -> 
Chiang Kai-shek Memorial 
Hall -> F MRT Jingmei 
Station -> G Examination 
Yuan -> H NTUST 
3 Blue 
Line
27.3 A NTUST -> B Xindian An 
Zhong Road Ankeng 
Elementary School -> C 
Xindian Bao Qiao Rd. -> D 
MRT Taipei Zoo Station -> E 
NTUST 
4 Yellow 
Line
35.2 A NTUST <-> B Shenkeng 
<-> C Shihting Street 
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Coastal Route I: A-B-A Total 37.4 km
A: In front of New Taipei City, Tamsui Dist., Danhai Rd., Shalun Beach 
B: New Taipei City, Shimen Dist., Sanzhi Visitor Center  
A: In front of New Taipei City, Tamsui Dist., Danhai Rd., Shalun Beach 
Figure 1: Coastal Route I 
Coastal Route II: A-B-A Total 35.2 km
A: In front of New Taipei City, Tamsui Dist., Danhai Rd., Shalun Beach 
B: New Taipei City, Bali Dist., Bali District Office 
A: In front of New Taipei City, Tamsui Dist., Danhai Rd., Shalun Beach 
Figure 2: Coastal Route II 
3. Driving Data Collection and Analysis  
Using the traffic monitoring systems developed by Chunghwa Telecom, the driving dynamics and 
necessary performance information of each scooter was monitored, managed, and recorded. Therefore, 
each scooter had to be equipped with the driving recorder and communication SIM cards of Chunghwa 
Telecom to facilitate real-time wireless uploading of data including scooter run position and fuel cell 
performance to the Bureau of Standards, Meteorology, and Inspection (BSMI) traffic monitoring center. 
The National Taiwan University of Science and Technology and the Taiwan Institute of Economic 
Research also participated in the implementation and also carried out remote monitoring and management 
of driving dynamics. Taiwan has chosen to develop fuel cell scooters and hopes to spur a new industry in 
Taiwan. This project provides analysis of 20 data collections, as shown by Table 2.  
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Table 2: Real Scooter Run Data Statistics and Analysis Table 
Key Indicators Practice (Scooter)  
Scooter Performance  
1. Daily project mileage Analyzed by driving records 
2. Monthly project mileage Analyzed by driving records 
3. Daily project mileage Analyzed by driving records 
4. Monthly project mileage Analyzed by driving records 
5. Endurance analysis Measured once before and after project 
6.
Fuel economy (constant speed) analysis 
(gram H2 /km) 
Ratio of fuel and mileage under constant speed. 
7.
Fuel economy (Variable speed) analysis 
(gram H2 /km) 
Ratio of fuel and mileage under variable speed. 
8. Scooter reliability Failure/maintenance record analysis 
9. Speed, acceleration, climbing analysis Rider record analysis 
10. Scooter start time analysis Measured by stopwatch after starting 
Hydrogen Supply System and Fuel Cell 
11. Amount of hydrogen used and hydrogen
filling time  
Amount of hydrogen used and filling time records 
12. Fuel cell system power density (W/kg) Test once before and after project. Fuel cell system includes 
fuel cell stack, BOP, hydrogen, but does not include electronic 
power components, batteries, and the scooter, etc.  
13. Fuel cell system power density (Wh/l) As above 
14. Fuel Cell running hours  Analyzing the driving time in the driving record table as the 
battery running hours. 
15. Voltage recession analysis  Regularly measure open circuit voltage 
(weekly/monthly/quarterly). 
16. Fuel cell system reliability analysis Analyze the fuel cell system failure/maintenance records 
Environment, Route, and Failure Analysis 
17. Operating environment temperature 
analysis 
Taipei area temperature records (Central Weather Bureau)  
18. Route analysis Analyze the driving records of different routes 
19. Failure model analysis  1. Failure rate = number of failures / number of times a 
scooter is used 
2. Failure rate = number of failures / total mileage 
20. User interview analysis  Interview executing staff on riding experiences 
4. Traffic Data Transmission  
The traffic monitoring center database will consider the integration and establishment of a database, 
after the data of each car enters the database, the database can use basic analysis functions such as 
searching, filtering, and grouping to undergo analysis, or transfer out the data to be analyzed by 
professional analysis software. In addition data collection and measurements should consider obtaining 
data in the same conditions, such as: the measurement conditions, measurement environment, measuring 
equipment, and criteria standards. Real scooter demonstration runs transfers are as shown in Figure 3. 
Console screen images are as shown in Figure 4, the system can execute various functions such as driving 
record searches and downloads, driving team and account management, multi-scooter monitoring, driving 
team management and statistical reports. executable query and download of driving record, the team and 
account management, multi-vehicle monitoring, fleet management, statistical reports, and many other 
functions.  
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Figure 3: Example of Real Scooter Operation Management 
Figure 4: Console Screen 
5. Fuel Cell Scooters and Surrounding Facilities  
This project uses domestic-made fuel cell scooters that must conform to the regulations regarding 
light scooters (1.34᧸hp᧸5 Hp, speed᧺45 kph, voltage᧸48V)  in the Ministry of Transportation and 
Communications’ “Vehicle Safety Inspection Standards”. At the same time, test reports from the 
Automotive Research and Testing Center (ARTC) were obtained, and the tested items conformed to the 
specifications in Table 3.  
Satellite Positioning 
11
TAS (Driving Data Table)&VMS 
(Vehicle Online Monitoring) 
Driving Team Data Management and Online Monitoring 
GPRS/GSM 
Base Station (GPRS)
(GSM) 
Back-Office Center 
iFM Server Data Download
User-end Data 
Processing Center 
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Table 3: Fuel Cell Scooter Specifications 
Items Specifications
Maximum speed  Over 45 km/h 
Acceleration 0 ~ 30 m Under 7 seconds 
Grade ability Driving speeds of over 10 km/h on 10 degree slope 
Mileage Constant speed of 30 km/h greater than 55 km, variable speed greater than 
45 km 
Main power supply source  PEMFC (net system output greater than 1 KW)  
Fuel supply  Exchange below 145 psig low-pressure hydrogen storage tanks (no external 
power)  
Vehicle weight (empty) Less than 130 kg
For this project, each scooter covered around 50 to 60 km of ground per day. At all other times, the 
scooters were stored in specific parking spaces for hydrogen filling operations. Because these scooters are 
not yet mass produced and the cost of construction is high, they had to be placed under surveillance for 
security reasons. In consideration of the characteristics of hydrogen, the hydrogen filling machine needed 
to be installed in a well-ventilated space. The indoor space area for parking the scooters is a simple 
maintenance area which is put under surveillance. A monitor was installed in the space (Figure 5), for the 
supervision and the preservation of the fuel cell scooters.  
Figure 5 Install Anti-theft Monitor 
Figure 6: Education and Training 
6. Education and Training Planning 
A       B 
C       D 
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This project arranged for rider riding education training (Figure 6). The riders will receive complete 
education training and the rider and scooters will both be insured to ensure that safety in the process of 
executing the project. The education training content includes: the principle of fuel cells as well as the 
goals and objectives of this project, the design concept and main features of fuel cell scooters, and 
standard operating procedures for fuel cell scooter driving and operation. The driving record table was 
also designed in order to understand scooter driving conditions and reasons for abnormalities, and to 
complete necessary records and maintenance management.  
7. Complete Real Scooter Data Statistics and Analysis 
Through complete planning and preparing, and considering the factors of weather and driving 
safety, hydrogen supply, riding staff education training, troubleshooting, quick repair, and scooter 
reliability during the period of execution, this project was completed in the first half of May, and the total 
driving mileage was 122,769 km (including 27 scooters riding 113,505 km in Taipei, and 3 scooters in 
Changhua riding 9,264 km), enough distance to ride around the earth 3 times. The average testing mileage 
was over 4,000 km for each scooter, breaking domestic and international fuel cell scooter demonstration 
records, all the performance data and reliability analysis can be used to verify technology standards in the 
development of Taiwan’s fuel cell light scooters and can be important reference for related CNS, 
allowing us to be a pioneer internationally. The output, analysis report, and select descriptions of this 
project are described as below.  
7-1 Endurance Analysis 
Hydrogen storage tanks filled with hydrogen were used to ride on fixed routes in the city, recording 
the driving mileage and hydrogen consumption (difference in weight before and after). After testing 
endurance in the cities (30km/hr), the actual speed maintained at 25-35 km/hr, the preliminary test results 
are as the table: 
Table 5 Endurance Analysis  
Scooter No. Route Scooter carried weight (kg) Endurance (km) 
Test 60081 Shihting 76 + 18 55.1 
Test 60081 Tamsui 76- +13.5 59.2 
Test 60043 Tamsui 55 68.5 
7-2 Fuel Economy (Constant Speed) Analysis 
Selecting fixed routes, riders started with a speed of 30 km/hr and accelerated to 20 km/hr (or) 40 
km/hr. In the above endurance analysis, the constant speed fuel economy of No. 25 (test 60043) and No. 
26 (test 60081) are shown in Table 7. Although the two rode on the same route, but the amount of 
hydrogen required for each km has a small difference, we estimate that it is related to the rider’s weight 
and driving habits; the averages of the two scooters are 1.38 gram hydrogen/km and 1.53 gram 
hydrogen/km.   
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Figure 7 Constant Fuel Economy of a Portion of the Scooters 
7-3 Fuel Economy (Variable Speed) Analysis 
According to the driving record data analysis for general riding (variable speed), the fuel economy, 
overall, if omitting some extreme values, is as shown in Figure 8. In the past few months, the fuel 
economy of the riding teams was around 1.5-2.5 grams of hydrogen consumed per km. The average was 
1.93 gram/km. Because there were differences in the performance of each scooter, the rider’s weight and 
the amount of weight carried by the scooters were different, the environment temperature and riding 
routes were different, and the rider experience and habits need to be considered, so it is difficult to 
attribute the differences to a certain factor. However, overall, in the current mileage range, there were no 
obvious differences or performance decline.  
7-2 Vehicle Reliability Analysis 
In Figure 9 are the statistics regarding the scooters trips and roadside assistance for each month, as 
the number and frequency of scooters trips increased, the number of roadside assistance ratio was also at 
an upward trend in March, but with the accumulation of the staff’s experience and the addition of a repair 
engineer at the center in April to help inspect, repair and troubleshoot, it was helpful for the improvement 
of scooter capable rate, and the use of roadside assistance declined substantially in April.  
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Figure 9 Number of Scooter Trips and Number of Roadside Assistance in Each Month of the Project  
The abnormal conditions of the scooters can be divided roughly into fuel cell, lithium battery 
(standby battery), Fuel cell peripheral parts (BOP, such as hydrogen pump, air pump, regulator, etc.), 
scooter parts (such as lights, brakes, tires, transmission, etc.), hydrogen storage and supply (such as 
hydrogen storage tanks), etc. Because the reasons for scooter abnormalities and malfunctions may not be 
due to one factor, therefore, each abnormality may not be limited to one category. The details are as 
shown in Table 5. 
Table 5 Statistics and Analysis of Driving Team Abnormalities and Malfunctions during Project Period 
 Scooter Abnormality Categories Malfunctions 
Month Fuel Cell Lithium Battery† BOP
Scooter
Body/Parts 
Hydrogen 
Storage/Supply 
Roadside 
Assistance
Jan 0 13 0 22 4 4 
Feb 0 32 0 13 5 7 
Mar 0 23 0 17 2 20 
Apr 0 57 1 20 16 19 
May 0 0 0 1 1 3 
Total 0 125 1 73 28 53 
7-3 Fuel Cell System Power Density (W/kg) and Energy Density᧤Wh/l᧥
The Bureau of Standards, Meteorology, and Inspection (BSMI) sampled six scooters from the fuel 
cell scooters that had solid evidence and performed fuel cell system power and energy density tests. After 
runs the test results were 108.7 W/kg and 66.4 Wh/l. Because the initial test power rate was data provided 
by manufacturers, the test data after the runs were the test results measured by the BSMI. The former only 
measured up to 2600W as a basis for passing factory tests, the latter measured the highest power tests, so 
the data was higher than the former. According to the tested power tests analysis after the runs, six 
scooters were randomly sampled and the test results were around 2800r400W, the largest value and 
smallest value differed by around 800W, showing decline, but the actual fuel cell or lithium battery 
decline could not be determined.  
7-4 Fuel Cell Running Time 
The mileage of each scooter is slightly different, but overall, the mileage of each car is around 3000 
km, with an average speed of 20 km/hr in the city, and a total running time around 150 hours. The total 
running time accumulated in the project was over 4,848 hours.  
† The reasons estimated are that power and energy management system does not match the habits of general scooter riders, so it is
not limited to the lithium battery factor.   
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7-5 Fuel Cell Reliability Analysis  
The so-called fuel cell system refers to a fuel cell stack module, which does not include surrounding 
components (BOP). According to the current actual runs by the driving team and each scooter running 
around 150-300 hours, and passing through the complex start-stop traffic and air pollution in the city, or 
experiencing the low temperatures of the coast and the salty air, as well as the fair and poor weather with 
vast temperature differences, fuel cell system failure and repair did not occur. Therefore, the fuel cell 
system itself is a very reliable technology and product. The analysis method: analyzing fuel cell system 
failure/maintenance records.    
7-6 Failure Model Analysis  
If failure is to be defined, it is the standard of the inability of being ridden and the necessity of 
roadside assistance. In the project period the total failure number (roadside assistance) was 53 times, the 
total number of scooter trips was 1,339 times, and the total mileage (up to May 11th) was 111,042 km. 
Therefore:  
Failure Rate (Times/Number of Trips) 53/1339 = 0.0396 
Failure Rate (Times/Mileage) = 53/111042 = 4.77 X 10-4
8. Conclusions  
The technical feasibility of fuel cell scooters was verified in this project; however, undeniably, a 
considerable amount of participants, materials, and efforts were invested in the daily maintenance of the 
driving team, to facilitate the smooth execution of this project. There are still considerable differences in 
the usage scenarios and the usage patterns of general consumers, highlighting the necessity for 
improvements made by the vendors and a larger-scale empirical project. The technical recommendations 
of this empirical project are as below:  
(1) Because many riders rode with faster speeds, the fuel cells were often inadequately charged, even 
resulting in the secondary battery being low in power, and causing abnormalities to occur. However, 
through the accumulation of experience, the average endurance could be increased and the amount of 
failures reduced. (2) Overall driving team performance: the 27 scooters in the Taipei area rode nearly 
113,500 km; each scooter carried 2 low-pressure hydrogen storage tanks with around 90-100 grams of 
hydrogen, and rode around 40-50 km; the endurance (km/hydrogen weight) 0.53 km/g, fuel economy 
(hydrogen weight/km): 1.97g/km. (3) The empirical plan is for actual inspection and product 
performance, so product suppliers need to have factory inspection reports with product-related 
performance parameters that can be compared to performance parameters after this project to facilitate 
analysis.(4) Low temperatures (<15°C) will affect the smoothness of the hydrogen storage tanks, 
especially after starting, there should be a one-minute warm-up time, the manufacturers can research 
improvement methods. (5) The pairing of the fuel cell and the secondary battery (lithium-iron battery) 
and the energy management system is an important technical level, and should be the focus of future 
improvement.(6) Endurance is related to multi-variables: riding habits, the weight of the rider (weight 
scooter carries), traffic (start and stop times, traffic lights, slope, traffic flow), weather, and vehicle 
performance.(7) Internationally there have been improvements in fuel cell technology, high energy 
density, and lightweight, and therefore scooter weight can be designed to become lighter in order to 
facilitate consumer riding.(8) The hydrogen weight percentage of metal hydrogen storage tanks is about 
1.03% to 1.10%, how to increase the weight percentage in order to enhance effectiveness should also be a 
focus in technology research. 
